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Abstract 
It is well known that the prevailing torque for special bolt-nut connections is useful for evaluating anti-
loosening performance. In our previous studies, several slight pitch differences were introduced between the 
bolt-nut connections towards realizing anti-loosening performance as well as high fatigue strength by applying 
axi-symmetric finite element method (FEM). In this study, by applying three-dimensional FEM, the nut screwing 
process is analyzed to obtain the prevailing torque Tp confirming anti-loosening. Since the nut unscrewing 
properties after the nut tightening is more important to prevent the nut self-loosening, the nut unscrewing is also 
analyzed to obtain the residual prevailing torque Tpu newly defined in this process. Both results of Tp and Tpu are 
in good agreement with the experimental results. With increasing the pitch difference, the residual prevailing 
torque Tpu increases as well as the prevailing torque Tp. Those obtained values of Tp and Tpu suggest that suitable 
pitch difference nuts may provide good anti-loosening performance.  
Key words : Bolt-nut connection, Pitch difference, Anti-loosening performance, Residual prevailing torque，
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1． Introduction 
The bolt-nut connection is an important fastening element used frequently with low cost. As an example, more 
than 3000 various bolts-nuts are used in a car. Those various bolts-nuts are standardized by ISO, JIS and DIN 
based upon the closely related metric system. Under dynamic loading, the bolt clamping force is often reduced 
to zero when the returning rotational force exceeds the frictional force. This is often happening because of the 
spiral shape of the bolt-nut thread. As a result, a lot of accidents caused by loosening are reported in vehicles, 
aircraft and the like. For that reason, good anti-loosening performance and high fatigue strength are always 
required for bolt-nut connections, and a lot of research was conducted to prevent loosening1-10) and improve 
fatigue strength11-24). 
To improve fatigue strength and anti-loosening with low cost, slight pitch differences were studied between 
bolt-nut threads previously 22,23,24). The axi-symmetric FEM analysis clarified the stress reduction at the thread 
root to demonstrate the fatigue strength improvement 22,23). The experiment by varying the pitch difference 
revealed that the prevailing torque Tp is closely related to the anti-loosening 24). Since the pitch difference nut 
can be manufactured similarly to the normal nuts, the estimated cost can be only about 1.5 times of the normal 
nut cost. 
Since the axi-symmetric FEM cannot treat 3D spiral thread, in this paper a three-dimensional EFM will be 
applied to screwing the nut to evaluate the prevailing torque Tp. Since the nut unscrewing properties after the nut 
tightening is closely related to preventing the self-loosening, the residual prevailing torque Tpu will be also 
discussed during unscrewing the nut by comparing with experiments. Those obtained values of Tp and Tpu are 
useful for discussing suitable pitch difference nuts to provide good anti-loosening performance. 
 
2. Experimental method  
2.1 Definition of screwing, tightening, untightening and unscrewing processes 
As shown in Fig.1, the screwing process and the tightening process should be distinguished before and after 
the nut touching the clamped body. Moreover, in Fig.1, the untightening process and the unscrewing process are 
also illustrated. Fig.2 illustrates the relationship between torque and number of nut rotation for the pitch 
difference α=0 and α≠0 during the screwing and tightening processes. Fig.3 illustrates the contact status of thread 
for the pitch difference nut during the screwing and the tightening process. Position A is where the nut starts to 
contact with bolt and Position B is where prevailing torque appears. Position C is where prevailing torque is 
increasing, Position D is where the whole nut thread is completely screwed onto the bolt, and Position E is where 
the nut starts to contact with the clamped body. Position F is where the clamping force is increasing. Position G 
is where the nut is tightened completely. Moreover, there are 4 processes in Fig.4. The process from Position A 
to Position E is called screwing process, the process from Position E to Position G is called tightening process. 
After that, the nut is rotated in reverse direction, the process Position Gu to Position Eu is called untightening 
process，the process from Position Eu to Position Au is called unscrewing process. In Fig.2, when a normal nut 
is screwed onto bolt, the torque occurs from Position E and increases rapidly as shown by black line. When a 
pitch difference nut is screwed onto bolt, the torque occurs from Position B and increases until Position D then 
becomes constant. After nut contacts the clamped body, from Position E the torque increases rapidly as shown 
by blue line in Fig.2. 
2.2 Specimens 
Fig.4 shows the dimensions of JIS M12 bolt-nut used in this study. Fig.5 indicates the clearance and pitch 
difference between the bolt and nut. The clearance in the axial direction is Cx=59μm. The pitch of nut is larger 
than the pitch of bolt by α μm. The pitch of M12 bolt is p=1750μm, and the pitch of nut is 1750+α μm. Our 
previous experimental study proved that the anti-loosening performance is weaker when the pitch difference is 
smaller 24). And larger pitch difference nuts sometimes cannot be screwed onto the bolt. Therefore, the suitable 
range of pitch difference can be in the range 30μm≤α≤50μm. Then, the pitch differences α can be chosen as 
α=35μm, α=40μm and α=50μm. Fig.6 shows the contact status when the prevailing torque appears between bolt 
and nut. Table 1 shows the material properties of bolt and nut. Fig.7 shows the stress-strain relation for SCM435 












(a) Screwing process (b) Tightening process  (d) Unscrewing process (c) Untightening process  
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Fig.3 Screwing and tightening 
process of nut. 
Fig.4 M12 Bolt-nut specimen (mm). 
  
Fig.5 Pitch difference and clearance between bolt and nut 
threads (μm). 
Fig.6 Contact status when the prevailing torque appears 
between bolt and nut.  
Fig.7 Stress strain relation for SCM435 and S45C. 
  
Fig.2 Variation of torque due to the nut rotation in screwing and tightening process. 
(a) Variation of torque T in screwing and 
tightening process. 









2.3 Experimental condition 
Fig.8 shows the experimental condition. The clamped body and bolt head are fixed. The experimental 
conditions of the four processes are as follows. 
(i) The screwing process in Fig.1 (a) whose experiment is based on JIS B 1056. Screwing the nut onto the bolt 
by torque wrench in Fig.8 from starting position where the rotation cycle is 0 as shown in Fig. 3 Position A until 
the nut connects with clamped body as shown in Fig. 3 Position E, and measure the relationship between the 
prevailing torque Tp and the rotation cycles of nut n.  
(ii) The tightening process in Fig.1 (b) whose experiment is based on JIS B 1084. After screwing, the nut will 
be tightened by experimental device as shown in Fig.9. The clamping force F in tightening process can be 
measured by the sensor in experimental device. In addition, the friction coefficient in thread surface μs, and 
bearing surface μw also can be measured. When the tensile stress generated in the bolt reaches the yield stress 
σy=800MPa, the clamping force in bolt is F100%= 68kN. And the clamping force F25%= 16.8kN of normal nut can 
be found from experimental result when the tensile stress in the bolt is 25% (200MPa) of the yield stress. Here, 
the reason why the tightening force of 25% of the yield stress is selected is that the torque T changes at Position 
F (see Fig. 2(b)). From the experimental result of tightening of normal nut, it can be seen that in order to generate 
clamping force F25%, the needed tightening torque T25%=45Nm. The T25%=45Nm is selected as maximum 
tightening torque for α=35μm, 40μm and 50μm.  
(iii) The untightening process as shown in Fig.1 (c). The untightening torque in untightening process cannot 
be measured by the experimental device, so it will be measured by torque wrench. Whenever the torque reduces 
by 10Nm, the clamping force F should be counted once on the experimental device until the nut separates with 
the clamped body.  
(iv) The unscrewing process as shown in Fig.1 (d). The measurement method of unscrewing process is same 
with screwing process. 
The molybdenum disulfide grease spray PRO (manufactured by Azette Co., Ltd.) is used on thread surface 











(Bolt) 206 0.3 800 1200 
S45C ( Nut) 206 0.3 530 980 
Fig.8 Torque measuring method and device (Torque wrench).  














3. Analytical method and results in comparison with the experiment 
Fig.10 (a) shows the FEM mesh of the bolt-nut connection constructed for FEM software ANSYS 16.2. The 
elements are 3D tetrahedron solid element. Because to express the spiral shapes of the bolt and nut thread is 
important, the minimum element in the spiral part of the thread is 0.048 mm. It is confirmed that prevailing 
torque Tp does not change when the element size smaller than 0.048 mm. The number of elements is 8 x 104, 
and the number of nodes is 15.1 x 104. To simplify the model, the hexagonal part of bolt head and nut are replaced 
by the cylindrical shape, and half of the clamped body is omitted. Penalty contact solution method and material 
non-linearity are considered in this analysis. Fig.10 (b) shows the boundary conditions; the bolt head and the left 
surface of clamped body are fixed and a rotation angle ±θ is applied to the nut. The friction coefficient can be 
measured by the tightening experiment device shown in Fig.3. The experimentally obtained friction coefficient 
is in the range μs=0.11~0.14 at the thread surface and in the range μw=0.16~0.18 at the bearing surface. From the 
reference 25), when the molybdenum disulfide grease spray is used on thread surface only, the friction coefficient 
is μs=0.12 at thread surface, and the friction coefficient is μw=0.17 at bearing surface. Those two friction 
coefficients are used in the following analyses. 
 
The FEM analysis is performed from the Position B in Fig.3 where the prevailing torque starts to occur. In 
the analysis the nut is rotated through Position B→C→D→E→F→G, and then the nut is rotated to the reverse 
direction through Position Gu→Fu→Eu→Du→Cu→Bu. The whole analysis process is carried out continuously. 
Fig.11 shows the torque variation in the screwing process, tightening process, untightening process and 
unscrewing process when the pitch difference when α=35μm, α=40μm, α=50μm. In Fig.11, the analytical results 
are in good agreement with the experimental results in the screwing process. In the unscrewing process, the 
analytical results are larger than the experimental result especially when α=50μm. This is because when α=50μm 
the larger contact stress causes wear on the thread surface but the wear cannot be considered in the analysis. 
Fig.12 shows the bolt thread surface observation for the nut position D in Fig.3. As shown in Fig.12 (a), when 
α=0 μm, no scratch can be seen on the thread surface. In Fig.12 (b)~(d), scratched wear can be seen. When 
(a) Photo of tightening experiment device.  (b) Schematic illustration of tightening experiment device.  
Fig.9 Nut tightening experiment device based on JIS B 1084. 
α=50μm, wear debris can be seen and such large amount of wear causes torque reduction. In Fig.2, the blue line 
shows the analytical result of tightening torque T and the nut rotation n relation for pitch difference α=35μm. 
The result of α=35μm coincides with the result of normal nut α=0 at Position F→G. The analysis verifies that at 
Position F the nut threads contact status becomes completely the same as the contact status of the normal nut 





































(a) Model and mesh 
 
(b) Boundary conditions 
Fig.10 FEM model and boundary conditions for tightening and untightening process. 
(a) α=35 μm (b) α=40 μm 
(c) α=50 μm (d) Screwing and tightening process of nut. 



















4. Prevailing torque Tp and residual prevailing torque Tpu  
Fig.13 shows the equivalent stress σeq for α=35μm. Fig.13 (a) shows σeq when the tightening process starts. In 
Fig.13 (a), since σeq is smaller than nut yield stress σy =530 MPa for most region, plastic region is very limited as 
shown in the red color region. Fig.13 (b) shows σeq when the nut is tightened under tightening torque T25%=45Nm 
with clamping force F25%=16.8kN, which is corresponding to 25% of the bolt yield stress σy=800 MPa. In Fig.13 (b), 
since σeq is larger than nut yield stress σy= 530 MPa as shown in the red color region, the plastic region becomes larger. 
The residual prevailing torque smaller than prevailing torque can be explained from the plastic deformation during 
the tightening process.  
Fig.14 shows the relationship between prevailing torque Tp and residual prevailing torque Tpu for pitch 
difference α=35, 40 and 50 μm obtained by FEM. In this figure, the straight lines are approximate lines obtained 
by the least square method. It can be seen that the residual prevailing torque Tpu increases as well as prevailing 
torque Tp and with the increasing of pitch difference α, and for each pitch difference α the prevailing torque Tp 










Fig.13 Equivalent stress σeq before tighten and when α=35μm nut is tightened under tightening torque T=T25% .  
(a) Before tighten when the nut in Position E. (b) Under T25%=45Nm when the nut in Position G. 
(a) α=0 μm (b) α=35 μm 
S: Scratch wear.  T: Top of threads. 
Fig.12 Bolt thread surface after screwing experiment. 
(c) α=40 μm (d) α=50 μm 




















    It is well known that the prevailing torque for special bolt-nut connections is useful for evaluating anti-
loosening performance. In this study, several slight pitch differences were introduced between the bolt-nut 
connections towards realizing anti-loosening performance. By applying the three-dimensional FEM, the nut 
screwing process was analyzed to obtain the prevailing torque Tp. Since the nut unscrewing properties after the 
nut tightening is more important to prevent the nut self-loosening, the nut unscrewing is also analyzed to obtain 
the residual prevailing torque Tpu. The conclusions can be summarized in the following way.  
 
(1) The tightening torque T and the nut rotation n relation was investigated. Although the T-n relation varies 
depending on α, the T-n relation of α≠0 coincides with the T-n relation of normal nut α=0 when the nut is 
tightened to Position F as shown in Fig.2 (b). This is because at Position F the nut threads contact status 
becomes completely the same as the contact status of the normal nut (see Fig.3).   
(2) The prevailing torque Tp obtained by the FEM analysis is in good agreement with the experimental result 
(see Fig.11). Also, the residual prevailing torque Tpu obtained by FEM is in good agreement with the 
experimental result after the nut is untightened. The residual prevailing torque Tpu is always smaller than the 
prevailing torque Tp because of the plastic deformation on nut thread. 
(3) With increasing the pitch difference, the residual prevailing torque Tpu increases as well as the prevailing 
torque Tp (see Fig.13). The prevailing torque Tp is in the range Tp=12~31 Nm and the residual prevailing 
torque Tpu is in the range Tpu=7~26 Nm depending on the pitch difference α. Those results suggest that suitable 
pitch difference may provide good anti-loosening performance.  
 
References 
[1] A. Bhattacharya, A. Sen, S. Das, An investigation on the anti-loosening characteristics of threaded fasteners 
Fig.14 Prevailing torque Tp and residual prevailing torque Tp
u vs pitch difference α. 
under vibratory conditions, Mechanism and Machine Theory, Vol. 45, No. 8, (2010), pp. 1215–1225. 
[2] S. Izumi, T. Yokoyama, A. Iwasaki, S. Sakai, Three-dimensional finite element analysis of tightening and 
loosening mechanism of threaded fastener, Engineering Failure Analysis, Vol. 12, No. 4, (2005), pp. 604–
615. 
[3] S. Izumi, T. Yokoyama, T. Teraoka, A. Iwasaki, S. Sakai, K. Saito, M. Nagawa, H. Noda, Verification of anti-
loosening performance of super slit nut by finite element method, Transactions of the Japan Society of 
Mechanical Engineers, Part A, Vol. 703, No. 71, (2005), pp. 380–386. (in Japanese). 
[4] D.H. Chen, E. Shimizu, K. Masuda, Relation between thread deformation and anti-loosening effect for nut 
with circumference slits, Transactions of the Japan Society of Mechanical Engineers, Vol. 788, No. 78, (2012), 
pp. 390–402. (in Japanese).  
[5] N.-A. Noda, M. Kuhara, Y. Xiao, S. Noma, K. Saito, M. Nagwa, A. Yumoto, A. Ogasawara, Stress reduction 
effect and anti-loosening performance of outer cap Nut by finite element method, Journal of Solid Mechanics 
and Materials Engineering, Vol.2, No. 6, (2008), pp. 801–811. 
[6] B.S.C. Ranjan, H.N. Vikranth, G. Ashitava, A novel prevailing torque threaded fastener and its analysis, 
ASME Journal of Mechanical Design, Vol. 135, No. 10, (2013), 101007–101007-9. 
[7] J. Liu, H. Gong, X. Ding, Effect of ramp angle on the anti-loosening ability of wedge self-locking nuts under 
vibration, ASME Journal of Mechanical Design, Vol. 140, No.7, (2018), 072301–072301-8. 
[8] M. Zhang, Y. Jiang, C.-H. Lee, Finite element modeling of self-loosening of bolted joints, ASME Journal of 
Mechanical Design, Vol. 129, No. 2, (2006), pp. 218–226. 
[9] S. Izumi, T. Yokoyama, M. Kimura, S. Sakai, Loosening-resistance evaluation of double-nut tightening 
method and spring washer by three-dimensional finite element analysis, Engineering Failure Analysis, Vol. 
16, No. 5, (2009), pp. 1510–1519. 
[10] N.-A. Noda, Y. Xiao, M. Kuhara, K. Saito, M. Nagawa, A. Yumoto A. Ogasawara, Optimum design of thin 
walled tube on the mechanical performance of super lock nut, Journal of Solid Mechanics and Materials 
Engineering, Vol. 2, No. 6, (2008), pp. 780–791. 
[11] N. L. Pedersen and P. Pedersen, Stiffness analysis and improvement of bolt-plate contact assemblies, 
Mechanics Based Design of Structures and Machines, Vol.36, (2008) Issue 1, pp.47-66. 
[12] P. Honarmandi, J.W. Zu and K. Behdinan, Elasto-plastic fatigue life improvement of bolted joints and 
introducing FBI method, Mechanics Based Design of Structures and Machines, Vol.33 (2005) Issue 3-4, pp. 
311-330. 
[13] W. S. Slovinsky and P. Hutapea, Influence of bolting parameters on the ultimate tensile strength and stiffness 
of composite-metal joints, Mechanics Based Design of Structures and Machines, Vol.38 (2010) Issue 2, 
pp.261-271. 
[14] S. Sawa, M. Ishimura, Y. Omiya, T. Sawa, 3-D FEM stress analysis of screw threads in bolted joints under 
static tensile loadings, ASME 2014 International Mechanical Engineering Congress and Exposition, Vol. 2B, 
(2014), ISBN: 978-0-7918-4644-5. 
[15] G.H. Majzoobi, G.H. Farrahi, N. Habibi, Experimental evaluation of the effect of Thread pitch on fatigue 
life of bolts, International Journal of Fatigue, Vol. 27, No. 2, (2005), pp. 189–196.  
[16] N.-A. Noda, Y. Xiao, M. Kuhara, The reduction of stress concentration by tapering threads, Journal of Solid 
Me-chanics and Materials Engineering, Vol. 8, No. 5, (2011), pp. 397–408. 
[17] K. Hirai, N. Uno, Fatigue strength of super high strength bolt, Journal of Structural Engineering 595, (2005), 
pp. 117–122. 
[18] W. Zhou, R. Zhang, S. Ai, R. He, Y. Pei, D. Fang, Load distribution in threads of porous metal-ceramic 
functionally graded composite joints subjected to thermomechanical loading, composite structures 134, 
(2015), pp. 680–688. 
[19] G. Li, C. Zhang, H. Hu, Y. Zhang, Optimization study of C/SiC threaded joints, International Journal of 
Applied Ce-ramic Technology, Vol. 11, No. 2, (2014), pp. 289–293. 
[20] C.-H. Lee, B.-J. Kim, S.-Y. Han, Mechanism for reducing stress concentrations in bolt-nut connectors, 
International Journal of Precision Engineering and Manufacturing, Vol. 15, No. 7, (2014), pp. 1337–1343. 
[21] T.N. Chakherlou, H.N. Maleki, A.B. Aghdam, B. Abaza-deh, Effect of bolt clamping force on the fracture 
strength of mixed mode fracture in an edge crack with different sizes: experimental and numerical 
investigations, Materials & Design 45, (2013), pp. 430–439. 
[22] X. Chen, N.-A. Noda, M. A. Wahab, Y. Sano, H. Maruya-ma, H. Wang, R. Fujisawa, Y. Takase, Fatigue life 
im-provement by slight pitch difference in bolt-nut connections, Journal of the Chinese Society of 
Mechanical Engineers, Vol. 37, No. 1, (2016), pp. 1–10. 
[23] X. Chen, N.-A. Noda, M. A. Wahab, Y.-I. Akaishi, Y. Sano, Y. Takase, G. Fekete, Fatigue failure analysis in 
bolt-nut connection having slight pitch difference using experiments and finite element method, Acta 
Polytechnica Hungarica, Vol. 12, No. 8, (2015), pp. 61–79. 
[24] N.-A. Noda, X. Chen, Y. Sano, M.A. Wahab, H. Maruyama, R. Fujisawa, Y. Takase, Effect of pitch 
difference between the bolt-nut connections upon the anti-loosening performance and fatigue life, Materials 
& Design, Vol. 96, (2016), pp. 476–489. 
[25] The Japan research institute for screw threads and fasteners, Survey report for standardization on fastening 
performance of high strength bolts (Report V) (1982), pp.91 (in Japanese). 
 
Appendix: Bolt axal force obtained by axi-symmetric analysis and three-dimensional analysis 
In this study, prevailing torque which cannot be treated by the axi-symmetric analysis 22,23,24) was discussed 
by the three-dimensional analysis. To compare both results, a bolt axial force can be focused in this appendix. 
Since the nut pitch is slightly larger than the bolt pitch, the bolt axial force Fα appears in the axial direction as 
shown in Fig.15 between the bolt threads. The previous study showed that this Fα is closely related to prevailing 
torque Tp 24). It should be noted that Fα in the screwing is different from the clamping force F in the tightening 
indicated in Fig.1 (b). The bolt axial force Fα between the bolt threads occurs from the accumulation of pitch 
difference in the screwing process. Fig.15 shows the axial force between bolt threads Fα for α=35, 40μm, and 
whose position is illustrated in Fig.16. Position E is where the nut is screwed onto the bolt 8 cycles where the 
nut is supposed to touch the clamped body.  
If the bolt axial force Fα is larger, the prevailing torque Tp is larger, which may contribute better anti-loosening 
performance. As shown in Fig.15, the bolt axial forces corresponding to the most outer nut threads become 
smaller than that in the middle part. This is due to the secondary outer nut threads being also in contact as well 
as the most outer nut threads. From the comparison between the axi-symmetric and the 3D results, it is found 
that the maximum values coincide with each other within 10 % difference. Fig.15 illustrates that the present 
























Fig. 15 Bolt axial force appearing between the threads Fα in the screwing process. 
(a) 3D model having chamfer. 
Fig.16 Nut position E and thread number in Fig.15. 
(b) Axi-symmetric model without considering chamfer. 
